OBJECTIVES: To assess the effects of intracerebroventricular (icv) leptin administration on rats fed ad libitum or fasted on 3 H GDP binding to brown adipose tissue (BAT). SUBJECTS: Groups of 5 ± 6 ten-week-old male Wistar rats. EXPERIMENTAL DESIGN: An icv cannula was inserted and unilateral denervation of interscapular brown adipose tissue (BAT) was performed 5 d before each study. Thereafter, leptin was infused icv during 72 h while rats were fed ad libitum or fasted. Vehicle-infused, pair-fed or fasted rats were used as controls.
Introduction
The Ob gene product, leptin, 1 plays an important role in body weight control. It is currently thought to decrease body weight, both by reducing food intake and by increasing energy expenditure. 2 ± 4 Brown adipose tissue (BAT) thermogenesis, as an important effector of energy expenditure in rodents, 5 therefore represents a potential target for leptin's action. Speci®cally, it has been suggested that leptin may increase thermogenesis by stimulating sympathetic activity in BAT.
Administration of leptin to normal rats has indeed been shown to stimulate the ®ring rate of sympathetic nerve in various organs, including BAT 6 and to increase BAT noradrenaline turnover. 7 The effects of leptin on energy expenditure have remained more controversial. In one study, continuous subcutaneous leptin administration to rats either fed ad libitum or food-restricted, increased BAT uncoupling protein 1 expression and whole body oxygen consumption after ®ve days. 8 In another study, intracerebroventricular (icv) leptin administration increased whole body oxygen consumption in fed leptin de®cient obaob mice and in fasted lean mice, but not in fed lean mice. 9 The aims of this study were, therefore, to investigate the effects of leptin on 3 H GDP binding to BAT mitochondria and any mediation via sympathetic activation, and to assess whether these potential effects of leptin are modulated by nutritional status. For this purpose, icv infusions of leptin were performed in rats fed ad libitum or fasted for 48 h, and in pair-fed, vehicle-infused, control animals. To assess whether icv leptin affects BAT through activation of the sympathetic nervous system, unilateral denervation of BAT was performed in all animals, and comparison of the 3 H-GDP binding to mitochondria of innervated and denervated BAT allowed assessment of the role of BAT sympathetic activation.
Methods

General procedures
Ten-week-old male Wistar rats (purchased from IFFA CREDO, Saint Germain-sur Arbesle, France) were studied in these experiments. Five days before the studies, rats were anaesthetized with Ketamine i.p. Rompun i.m (Parke-Davis, Baar, Switzerland). and an icv cannula was stereotaxically positioned into the right lateral ventricle and was cemented to the skull; correct placement was con®rmed by observing cerebrospinal¯uid issuing from the cannula. 10 At the same time, surgical unilateral right denervation of interscapular BAT was performed 11 and a catheter was inserted into a jugular vein for subsequent blood collection. Rats were thereafter housed individually and were maintained in environmentally controlled quarters at 22±23 C, with a ®xed light (07.00± 19.00 h)±dark (19.00±07.00 h) cycle and unlimited access to water. Standard laboratory chow was provided, as described below (UAR A04 Villemoissonsur-Orge, France). Adequate positioning and patency of the icv cannula were checked by monitoring the drinking behavior after icv infusion of angiotensin. At day 0, an osmotic minipump (Alzet 2001, Alza Corporation, Palo Alto, CA) was implanted subcutaneously in the cervical region under halotane anesthesia and was connected to the icv cannula. Recombinant murine leptin (Prepro Tech's, London, UK) was solubilized in 10 mM Tris pH 9.1 and the pH was adjusted to 7.4 after solubilization. Final leptin concentration was 0.33 mg/ml. Leptin or vehicle alone were infused through the osmotic minipump at a¯ow rate of 1 ml/h.
Experimental protocols
Protocol 1: Effects of icv leptin in fed rats. In this protocol, eleven rats were studied. On day 0, an infusion of 25 mg/kg/d leptin (n 6) or vehicle (n 5) was started icv through the osmotic minipump and continued for 72 h. Control rats were pair-fed with the leptin rats during those three days. Blood samples were collected on day 0 and day 3, to determine plasma insulin, glucose, leptin and triiodothyromine (T 3 ) concentrations. After that, rats were killed by decapitation, and their innervated and denervated BAT were rapidly removed and dissected for determination of 3 H-GDP binding to isolated mitochondria. The osmotic minipumps were visually inspected at the end of the experiments, to ensure proper delivery of leptin. Leptin-and vehicle-infused rats were studied simultaneously in the same batch of experiments.
Protocol 2: Effects of icv leptin in fasted rats. Two groups of six rats were studied in this protocol, which was identical to protocol 1, except that control rats were pair-fed with leptin rats during day 0 and all food was withdrawn from all rats the morning of day 1 for a duration of 48 h. Leptin-and vehicle-infused rats were studied simultaneously in the same batch of experiments.
Experimental protocols were reviewed and approved by the Review Committee for Animal Experimentation of the Canton de Vaud, Switzerland.
Analytical procedures
The right and left interscapular BAT were separated immediately after dissection and were homogenized in sucrose 250 mmol/l. Isolated mitochondria were obtained from this homogenate, as described by Nedergaard and Cannon. 12 3 H-GDP (New England Nuclear, Boston, MA) binding of 3 H-GDP to isolated mitochondria was assessed according to Trayhurn et al. 13 Protein concentration was assessed on an aliquot of BAT mitochondria suspension using the micro bicinchonic acid (BCA) protein assay kit (Pierce, Rockford, IL). Results of mitochondria 3 H-GDP binding were expressed per mg protein. Plasma insulin and leptin concentrations were measured by radio immunoassay (RIA) (kits from LINCO, St Charles, MO). Plasma total T 3 was determined by microparticules enzyme immunoassay (Abbott Axsym, Abbott Park, IL). Plasma glucose was measured by the glucose oxidase method using a Beckman glucose analyzer II (Beckman Instruments, Fullerton, CA).
Statistical analysis
Paired t-tests were used to compare hormone and substrate concentrations and 
Results
Protocol 1. Leptin infusion reduced spontaneous food intake by 58% (P`0.01) compared to preinfusion measurements, and led to a 7% decrease in body weight after 72 h (P`0.01). Similar weight losses were observed in pair-fed, vehicle-infused animals ( Table 1) . Plasma insulin and leptin concentrations decreased in both groups of animals, while plasma T 3 increased by 49% (P`0.01) in leptin-infused rats only (Table 2) . 3 H-GDP binding was signi®cantly lower in denervated than in innervated BAT, and was similar in leptin-and vehicle-infused rats.
Protocol 2.
A 48 h fast induced a similar weight loss in leptin-and in vehicle-infused rats (15% and 16%, Effects of leptin on brown fat JF Surmely et al P`0.001 vs pre-fasting weight, not statistically signi®cant (NS) leptin-vs vehicle-infused) ( Table 1 ).
In both leptin-and vehicle-infused rats, fasting decreased plasma leptin, insulin and glucose concentrations. The drop in plasma T 3 concentrations observed in vehicle-infused rats was, however, prevented by leptin administration (Table 2) .
In vehicle-infused rats, fasting decreased mitochondria 3 H-GDP binding by 41% in innervated BAT (P`0.01) and by 27% in denervated BAT (P`0.05) compared to fed rats. This decrease in 3 H-GDP binding to both innervated and denervated BAT (Figure 1 ) was signi®cantly blunted by icv leptin infusion.
Discussion
Intracisternal leptin administration to rats fed ad libitum decreased spontaneous food intake, but failed to increase mitochondria 3 H-GDP binding to innervated and denervated BAT compared to pair fed controls. It also failed to increase the ratio of 3 H-GDP binding to innervated and denervated BAT (an index of BAT sympathetic activity). Furthermore, weight loss was identical in leptin-treated rats and pair fed controls, a ®nding which suggests that leptin did not stimulate energy expenditure to any appreciable extent. These results clearly argue against a direct, central stimulation of BAT thermogenesis by leptin in normal, fed rats.
3 H-GDP binding was lower in rats fasted for 48 h than in food-restricted rats. This is consistent with the reduction of BAT activity observed during a fast. 14 ± 16 The difference was larger in innervated than in denervated BAT, suggesting a decrease in BAT sympathetic activity secondary to fasting. In contrast to what was observed in leptin-infused rats fed ad libitum, icv leptin increased 3 H-GDP binding by 30% in innervated and 52% in denervated BAT of these fasted animals. This effect was centrally mediated, because plasma leptin concentration was similarly low in both rats infused with leptin icv and in control rats. The stimulation observed was however of small magnitude, and its relationship with energy expenditure remains unknown. Body weight loss was identical in leptin-and vehicle-infused rats, suggesting that leptin administration was not associated with major stimulation of energy expenditure. Smaller effects on energy expenditure may however not impact on body weight over such a short period of observation.
Our present results are in agreement with the observation that icv leptin increased whole body oxygen consumption of food-deprived, but not fed, mice. 9 They are however discordant with the report that subcutaneous leptin administration stimulated whole Effects of leptin on brown fat JF Surmely et al body oxygen consumption and increased BAT uncoupling protein 1 expression in both ad libitum fed-and food-restricted rats. 8 Methodological differences, such as systemic vs icv leptin administration and the slightly higher housing temperature (26 C vs 22±23 C in our study) may explain part of the difference. The duration of leptin administration may also play a role, since signi®cant increases in oxygen consumption were observed only after ®ve days of leptin administration in the study Scarpace et al. 8 The mechanisms by which leptin prevented the effect of fasting on BAT cannot be determined unequivocally from our experiments. The blunting of the drop in 3 H-GDP binding by leptin may be due to stimulation of uncoupling protein 1 activity. We cannot exclude that leptin also increased BAT mitochondria content, since this parameter was not measured in the present experiments. Leptin increased 3 H-GDP binding to both denervated and innervated BAT, compared to control rats, suggesting that activation of the sympathetic nervous system was not involved. Leptin has been shown to prevent the decrease in thyroid hormone induced by fasting, 17 an observation con®rmed in the present study. It is therefore possible that the maintenance of thyroid hormone concentrations partially prevented BAT deactivation, since T 3 is an important regulator of BAT activity. 18 Although leptin did not directly stimulate 3 H-GDP binding to BAT in pair-fed animals, the present observations do not exclude the possibility that it may participate in a more complex way in a stimulation of BAT induced by feeding. We have previously reported that icv insulin infusion stimulates BAT in fed, but not food-restricted, animals. 16 It can therefore be hypothesized that leptin and insulin (and possibly other metabolic mediators) act in concert at the level of the hypothalamus, to ®nely tune BAT thermogenesis.
The present observations shed new light on the physiological role of leptin. They suggest that a drop in leptin secretion is involved in a reduction of BAT activity during food deprivation, which may lead to a decrease in energy expenditure. It remains to be determined whether the stimulation of 3 H-GDP binding, induced by icv leptin in fasted animals, is associated with alterations of energy expenditure. If that is the case, leptin may play an important role as a sensor of adequate energy/nutrient intake and be instrumental in triggering the adaptive response to food deprivation.
